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Preface

This report presents results of a brief study conducted for the

Aquatic Plant Control Research Program (APCRP) by the Department of

Agronomy, University of Florida, Gainesville, Fla. The purpose of

this study was to evaluate the phenomenon of heterostyly in water-

hyacinths and the possible resistance of long-style waterhyacinth

plants to 2,4-D control measures. Funds for this effort were provided

by the Office, Chief of Engineers, under appropriation number 96X3122,

Construction General, through the APCRP at the U. S. Army Engineer

Waterways Experiment Station (WES).

The principal investigators for the work were Drs. William T.

Haller and Mirghani Tag El Seed of the University of Florida, who

prepared this report.

The work was conducted at WES under the general supervision of

Mr. W. G. Shockley, Chief of the Mobility and Environmental Systems

Laboratory, and Mr. B. 0. Benn, Chief of the Environmental Systems

Division, and under the direct supervision of Mr. J. L. Decell, Chief

of the Aquatic Plant Research Branch. As a result of reorganization

at WES, Mr. Decell is now manager of the APCRP, which is a part of the

Environmental Laboratory of which Dr. John Harrison is Chief.

The Comnanfders and Directors of WES during this period were

COL John L. Cannon, CE, and COL Nelson P. Conover, CE. Technical

Director was Mr. F. R. Brown.
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mA

r STUDY OF WATERIIYACINTHS SHOWING POSSIBLE RESISTA-NCE

TO 2,4-D CONICAL CONTh OL PROOURA

Introduction

1. Waterlhyacinth plants have three distinct floral te t

determined by the length of the female flower in relation to the anther.

The most common flower type is the mesostyle (or midstyle) (Figure 1).

In this type, the style is slightly shorter than the anthers, resulting

in the stigma being in close proximity to the Pollen sacks. Pe-.ound

and Earle (19h8)* reported this floral type in essentially all water-

hyacinths they examined in Florida and Lvuisiana in the o4'-. In

addition, studies of waterhyacintlis on the Nile River have a l so shown

essentially 100 percent of the mesostyle-type p-lants. There have been

(as far as the authors know) no studies condc ted on other thn .mesostyle

waterhyacinths.

2. The rare types of hyacinth flowers are the long style Fgur e 2

in which the style is elongated, elevating the stiga signi can..-

above the anthers, and the short style in which the style is almost non-

existent and the stigma is located near the ovary. Short- -style plants

are extremely rare. The authors have examined tens of thousands of

waterhyacinths and have found only one short-style flower. In contrast,

long-style plants were found in some areas in greater proportions than

mesostyle plants. This finding is contrary to what inuld be expected

when the literature is reviewed. The history of each area where long-

style plants were found indicated that long-style plants are found in

areas where 2,h-D (dichlorophenoxyacetic acid) has been used in a control $

program. The authors proposed that 2,44- may be selecting for tle long-

style population by possibly killing the more susceptible mesostyle

Penfound, W. T., and Earle, T. T. 1 948. "The Biology of the Water-
hyacinth," Ecol. Mobnog., V l 1-8, pp 447-1472.
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pla ntsr. Feld and o-ratr tde were conducted to s~tudyti-te--

StV-IV~Hel Studa rhciesat

3. FloIral chmacteristics uof waterhyaciaths were stuca1ec. In

several IFlorida ecosysterms begir-iin., in t he fall or raum(hbc

When the In"-g ll'ii.=be' or lon-styl plants became app-arem . SeVerra kt- r

areas were studied. The only places where 1-ngt'&-e plant-- vere Ccn.nU

wer"e in water bo-dies that. had a1 previ-ous history of chemicalC& weed cotltrol
wit2 .- D). The existence of Icn-s-tyle Plants coul t'ossid be de t

e'w 4
-1t-~rq n 1 'te fll: owevr, tis tec1V v; disuove

-when Orange Lak10e was aqgain studied in the early- summe=r. and agatin aI hmig

ro-rion 0 o Zs ulant-s Was fhmund .

-4. Lakes were samne-d by steeri& an VA~it inowaterynciths

in several littoranl are-as arolund ench lake and examining several! do0--en

fl1owe rS. Sariul ng of Rodmanu Reservoir- aigain indicated some relutnic-u1shir

bet weenl DO-1 and long-style plat~nts. Chemical wved con tro1  
'-i^*'e ben

widely used-Ai Fod=a Eeservoir as plnt pathogens. w intecr kiec .R am0

osther. factors maintanin the- rc oir essertially freci hyait-

~'ot2.4-1 sprayinC (what lit.. There is) is concentrated in the ",flow-
ing creeks, particularly tICei CxI ek and Orange Creek. After stilyti the f

entire reservoir, the on31y lon-styl plan- 1ts j~ud e encaed Ile
muh o f Orange Creek. in sunzmtarv. there appuears to be a d-efin Ie

coreatio l-t*wens-tl *1 aits and 2,bL=fl cOntllt.uo~zn.

Additional lakes will be studied to cc-ntinue Lesting this- ccrrelation.

Self- and Cross-Pollination Studies

-b~. -hat asmineance contro1 urogra=ms are cn

.It is possibIle tha jqmitr

ducted over the years, vegetative reproduto isesntalsopd

and new infestIation s or" waterhyaciuth are derived from ger-minat ing

seeds. If anly seeds fin long-style plants are viable, which is not

the Case. , then as the Plant populations are 100 ncr-cent controll1ed this
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seed in a flat pan filled with organic soil at field capacity and wetted
until amost flooded. Water had to be added al=st v -en with

special care, growing seedlings to flowern pant s recuired nearly

20 weeks.

10. These basic studies on seed gerination and fertilization were

reouired to obtain basic informtion on hererstyly in the ul-ants. The

authors are now able to predict germination rates and Ulant behavior,

abilities which are essential to further studes.

nerbicide eamnts

ll. In order to test the resistance of water-acinths to 2,h-,

long-style and mesostyle waterhyacinths were piaced in bare's and ac-

climated for 7 days. At this time, the plants were u;pright and appeared

healthy and normal in every resnect. Tn barr us each of long-styleI
and mesostyle plants were randorly placed and sirayed ith a confessed

air snae and 'boom (flat. fan)l. WeeCdar 64 Q ,t7) dimethyl swine) was

applied to all barrels at 1.75 'b active gredient per acre (.9' k/
416.8 so m) for-mula. A 1 percent solution of Big Sur. 15-25) was added A

to the spraky formula as a surfactant.

12. As a result of hot, dry veather, this no-rmty sublethal rate

was toxic to all plants. Tne petiole on the lon-style plants never

been completely chiorotic. Ord-inar an evaluation would indicate

100 percent control of both long-style and mesostyle plan t s. Uowever,

appears at this time (3 weeks --st-treatment that the regrowth of the - I
long-style plants is going to be more comp'lete than that of the nesostvle
plants. Retreatment at 1.0 lb of 2O- per acre (0.53 kg0h-1.o I s q m

was conducted on another 10 re icates durig the second week of Septe--

ber. Results and regrow-th cnnot be recorded foro another 4 to 6 weeks;

however, it appears that knockdown of nesostvle ad long-style plants is

equal. The difference in survival rates seer to be in- the otentia

for regrowth after treat-ent. A more descriptive term for this phenome-

non, rather than herbicide resistant, is prbal herbicide tolerant. U
Basically, the long-style plants at sublethal doses apparently do not I

='U
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translocate the herbicide to the crown meristems as well as the mesostyle _

plants. Thus, in a mixed population, regrowth is more apt to occur from

long-stsle plants.

Future Considerations

13. This is the first report of differences in herbicide tolerance

in waterhyacinths, as the authors are sure that this reporting is the

first artificial crossing of long-style and mesostyle plants. The

existence of tolerant plants is probably not extremely important to

ongoing maintenance programs since a little extra 2,4-D will kill the

tolerant long-style plants. The authors think that long-style popula- I
tions arise out of the use of hand-held sprayers where an even coverage

of 2 to 3 lb/acre (0.907 to 1.360 kg/40h6.8 sq m) is essentially impos-

sible. However, the discovery of tolerant hyacinths and the basic work

this study has initiated is extremely interesting zrom a botanical

standpoint. The authors' laboratory will continue work on this discovery,

and the authors are currently preparing to publish more of their work.

Copies of future publications will be provided to the U. S. Army Engineer

-- Waterways Experiment Station, and all concerned will be kept aware of

their future research activities.
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Table 1

Tyes of lcterostylic Plants Found in

Several Areas of Florida

No. of No. of
Bodies Mesostyle Long-Style

of Water Date Plants PlansSla History

Orange 10/"7 lp a. 9702,-

Alice 10/77-7 0 Diquat

Baldwin 1/?11-20 0 lDiqxiat

Cy"'press 11/7 81 0 Never sprayed

Bivens 36/7 219 24~-D

Orange 617B 17 507 2,1 ,-D
Paynes- '/81~ ever sprayed

Alachua 917 5238 0 Never sprayed4
= Iodian 778 1060 8

Table 2

Artificial Fertilization of Various

Flowers to Determine Genetic

Makeup of Reteros'tyly

Male Female Fl owers Produced

Long Long Mesostyle

Long Meso Mesostyle

Meso Long Mesostyle

Meso Meso Wsostyle



Table 3

Effects of Water Depth on Percent Waterbhyacinth Seed

Germination in-Large Flasks Without Soil

Percent Germination for Cited
Weeks from Beginning Water Dey th, cm

of Germination 3 10 20 30 40 20

2 1 0 1 4 0 1

4 4o 28 38 25 25 24
6 84 77 84 81 69 88

8 96 99 100 96 100 99

Table 4

Effects of Sunlight Intensity on Percent

Germination of Waterhyacinth Seeds

Percent Germination for Cited
Weeks from Beginning Sunlight Percentages

of Germination 100 TO 30 10

2 33 30 33 1

4 76 61 65 9
6 93 97 81 37 Z

8 99 100 96 881



Table R

Ef'fects of Atmospheric Gases on Percent Germination

of Waterhyacinth Seeds in Erlenmeyer Flasks

Percent Germination for Cited Conditions
Days after Beginning Comp. N 0

of Germination Air 2 02 002 lio 0H14 C 2 H6  Sealed Oe

3 l00 98 100 12 91 62 96' 100 100

7 100 98100o 45 98 100 100 100 100

14 100 98 100 67 98 100 100 100 100
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